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Adaptive Hybrid ARQ Using Turbo Code Structure 
Field of the Invention 

5 

The present invention relates generally to communication systems and in 
particular, to adaptive hybrid ARQ using turbo code structure. 

Background of the Invention 

10 

Adaptive Modulation and Coding (AMC) gives the flexibility to match the 
modulation and forward error correction (FEC) coding scheme to the average channel 
conditions for each user. AMC promises a large increase in average data rate for users 
that have a favorable channel quality due to their proximity to the base site or others 

15 geographical advantage. Enhanced GSM systems using AMC offer data rates as high as C 
384 kbps compared 100 kbps without AMC. Likewise, 1.25 MHz CDMA systems can .i 
offer peak data rates as high as 5 Mbps through AMC, where 460 kbps was typical 
without AMC. AMC, however, does have a few drawbacks. AMC is sensitive to 
measurement error and delay. In order to select the appropriate modulation, the scheduler 

20 must be aware of the channel quality. Errors in the channel estimate will cause the 
scheduler to select the wrong data rate and either transmits at too high a power, wasting - 
system capacity, or too low a power, raising the block error rate. Delay in reporting 
channel measurements also reduces the reliability of the channel quality estimate due to 
constantly varying mobile channel. 

25 To overcome measurement delay, the frequency of the channel measurement 

reports may be increased, however, the measurement reports consume system capacity 
that otherwise might be used to carry data. 

For these reasons, AMC is often used to provide a coarse data rate selection, 
perhaps based on a sub-optimum channel estimate as compared to a set of independent 

30 thresholds. Automatic Repeat request (ARQ) can be used in conjunction with AMC to 
ensure data delivery by requesting retransmissions of erroneously received blocks. The 
retransmission request can be ACK or NACK based. AMC is improved with ARQ 
because it can automatically adapt to instantaneous channel conditions. The combined 
AMC (or FEC) and ARQ design process is very complex, involving FEC performance in 
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*.? the channel of interest as well as delay and implementation complexity^cpnstraints. Using 
FEOARQ together isknown; as a type I hybrid ARQ: ... : 

Even greater throughputs or error; performance can ; be ; achieved with type II 
hybrid ARQ. This scheme^desig^ated /fyir/rf^/2^ ; in : the? . remainder, is similar to standard 
5 ARQ in that it repeats all blocks ;that. have been received in error.. However, Hybrid ARQ 
i:\ improves on standard ARQ methods by^aving and-using failed transmission blocks at the 
\ w receiver to increase, the coding; gaia. The failed transmission blocks, are jpintly decoded 
vr: f with the current block in order to improve performance. The blocks .that ^re- sent by the 
transmitter^ are considered part of a , larger code; rBecause-additional .p^rts of this code are 
ID;- , sent '.onJynin. respQrise , tq the, instantaneous channel conditions, Hybrid- ARQ is also 
y. correctly kno\yn,a$_ Incremental Redundancy or Adaptive Hybrid ARQ* v±\k. o i 

There are several different flavors of Hybrid ARQ, The, simplest, ^flavor is 
h - : :/:code combining, (also kno>^ the first block 

■zt .for -each? transmission^ The vjqiht^deooder vis .. a: block repetition r decoder can be 
15 ; 1 implemeniedt.as a blQck combing whtek ^m rlook; Jike an .equal gain .combiner or max- 
. ;ratio^ccmr>bi„nerrfoHoweAby ^ ^in^te bteck decoder. vBecause cpde combining is in effect 
r*' a repetition. ;c6dj rig seherne,^ ARQ. Advantages 

of Ghase combining compared to other Hybrid ARQ methods include smaller decoder 
i j , complexity, smaller^empry requir^^^ block before 

20 : *: -joint decodingi and not having jQspesify.ro attempts. 

However^ Hybrid -ARQl .methods vthat provide ^ore sophisticated coding 
methods oxer the blocks th£n the sijtnpte block, repetition, code may offer-; larger coding 
gaims; -Hybrid *ARQ;scheTO^ of a 

larger code. Construction techniques are available for many types ^qf jcpdes,rincluding 
25 t Reed-Solomon c,pdeSv;qQnvoiutipnal v cpde$^ and turbp codes -The L^code blocks may also 
be partially overlapping, wi-th some, symbol positions repeated in^mpre-t:^ n one block. 
L ^These -positions £an;be ; -treated with ;a symbol combiner, similar, %o -the blqck cpmbiner. 
After L transmissions, the blocks are repeated, with the old .block? sither c cqrnbined with 
or replaced by the new blocks. 
30 A self-deepdable<blpck is ; one that tnay.be decoded by itself before joint 

decoding. Obviously, the first of the L blocks is always self-decodable. If the first block 
: js: severely damaged injtransnii&s.ion, t iti>is -advantageous to have ; the other blocks self- 
decodable as well. The term type III hybrid ARQ was, used in S. Kallel; "Cpniplementary 
punctured .^onvolutipnal cp^esand ^heir appH June 1995, 

35 to refer to the class of Hybrid ARQiprptocols in whish all iblopks : are self T decodable. 
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m Since; as stated in Siemens AG TSGR1#3(99)177, March 22-26 1999 types II and III are 
fct minor variants of the same scheme", no special designation is required. However, the 
' use of the "designation emphasizes -the-fact that either only 1 the first -bfock or all L blocks 
are seif-deeodablfe^and thftt-tHg s^if-decbdSbleischesmes require special care to construct . 
5 * -v. i4" .Hybrid' ARQ imprdvertients e&ri gteatly^iricrease user throughputs, potentially 
doubli^system to the channel by sending 

^ additional'incfernehts -of redundiincy^ which increases the coding' rate and- effectively 
lowers the-data rate^ match does not rely only on channel 

estimates but" also relies on- the elrors signaled by^the ARQ protocol; Hybrid ARQ is even 
1 0 : more'difficulf -to desigrithan FEC+ARQ, because of additional control, 5 code construction,' 
and decoder implementation issues. '''In '.addition-,- Hybrid ARQ' also complicate the ARQ 
" protocol implementation, . , Vj ; i"^-:*-- '* 

t/f'i 3 ^ Turbo f codes, which provide error .corfectidn : gainst close t6 the theoretical 
Shannon' Limit, can bemused in conjunction- 1 with hybrid ARQ; Several priorrarttapproaches ' 
15 exiit^includirig: code; combining and d priori itiethods. ii These , 

methods; however/ 1 do -not; m of the turbo code<structure in fading 
channels: These methods\do~*als6 tr rio^ 

- with -hybrid- ARQi- z^d:.T. v^-o o; b--o< r^:> ^ . . > 

" Prior-art' ARQs f dq^not^make the^best use of the' turbo code structure in fading 
20 channels. Additionally; retransmissions: are ite same size as the briginaUtransrriission arid 
the -throughput cost for ; 'a second transmission is Significant; Prior-art ARQs not have- 
: ^provisions for ^ self-decodable^blocks ; other than the first block, without Having all the 
^blocks- self-decbdable and the'self-decodable ^ blocks must be' at least fthe same size as the 
1 ' information' packet? v ^ *" v - ; ?: z**^-'* »v -' ''■'^'v^'^ • * ' 

25 v - si-hnki ^Thus, there <i$ -a need" for a turbo hybrid ARQ- that ."does not sufferfrom these 
limitations of the "prior art: " The invention provides a turbo Hybrid ARQ that contains self- 
decodabie- blocks othef'than the first block, allows retransmissions of different sizes, and 
•••• is better on fading chknriels -S^~:-i i..sj f : a »: >i:crt. t >>. c\t .. 

30 : . *<y w ; c ^ Brief Description ofthe Drawings^ 

. * . ' ;FIG. -l is a^block^diagrarn of a turbo* encoder irf accordance with the ^preferred 
r -"erribodifneht of the preseht' invention^ > :i; : v ? f * "'^* v 

- . - I, *F1G .^2Hs a fiowlchah.. showing ^adaptive 'hi'bnd ARQ : :iiv accordance with the 
35 preferred embodiment of the'present invention/--^ h- * •'• * '- : " 
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FIG. 3 is a Wo^ chart showing adaptive hybrid AltQ in' accordance with the 
preferred embodiment of the present invention. 

FIG. 4 an example of the transmission blocks used 1 in the scheme along with the 
block transmission sequence for various selected initial turbo code rate: 
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Detailed Description^ of the Drawings 



The Turbo codes used in the proposed hybrid ARQ system" consists of a parallel 
10 concatenation of two" convolut^al' encoders as shown in FIG. 1.* for a preferred 
embodiment, ihe encoders are identical R= 1/2 ^stematic and rec^vv^ cohvolutional 
encoders. The overall code rate of the turbo code entering the puncmnhg' circuit for the 
preferred embodiment is V*. For an'mptrt'sVeam; tour output streams are formed: the 
input stream x itselffa panty stteam produced by'the first convolutional code y„ 
1 5 ' interleaved ' input' stream x'' and' the 'second parity stream y 2 produced by the second 
convolutional code?' The puncturing block afteV &^coder is lised ^ 
R=3/4, R=2/3 and R-l/2 codes bypuncninng ^ thb^pariry bifs. As an example, for R=l/2 
codes alternate parity Bits are asnroyer'^e channel (x'i, yn,' x 2 7y 2 u x 3 , yn,...-XN. yw 
where N is the size of Turbo interior) Incase of R= 1/3 code the interleaved systematic 

20 bits (x') are riot sent over the channel. 

The proposed method is described below with the flowchart shown in FIG.S 2 and 
3. FIG. 2, shows the generic Itructoe"' of Hybrid ARQ using turbo Codes which requires 
the function of a) channel coding!; W redundancy s^ and max-ratio 

diversity combining, d) channel de>&& back an 

25 acknowledgement to the transmitter As Illustrated in FIG . 2fthe Actions (a) and (b) are 
performed at the transmitter while functions (c) to' '(f) are pertorrted at the Receiver. The 
initial code rate can be explicitly communicatedlo me receiver or blindly detebted. FIG. 
4 shows an example of the transmission blocks u^itfthe scheme along with the block 
transmission sequence for various selected initial turbo code "rate"' J 

30 Finaily, FIG . 3 shows a'specific example of tHe proposed scheme with initial code 

rate chosen as 1 . ... , , 2 

1 The initial coding rate for hybrid ARQ is first die-sen'. The rate can be detected at the 

,. . " v;:.,. .ii : t.c ..; ' .. r 
receiver using blind rate detection or explicit rate detection. 

i if ck. > A initial Turbo code rate =1 where X' is some preset threshold 

35". "' " " i Otherwise initial Tur'oo co^de rate = Vi (or Vi if beiow another threshold' B) 
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2 9l . Assupiing the initial code rate = 1, the following steps are performed 

3. Encode entire packet using rate R-l/4 Turbo Code 

4. Transmit systematic bits only 

5. Decode systematic. bits (X.i, X 2 ,, . . .,,X N ) using hard decision 
5 £ , if Packet Success, then done (send ACK) 

£ else weight each channel symbol by block SNR and store 

6. Transmit the first set of alternating parity bits (Y! ls Y 22 , . . . Y 2N ) 

7 . Decode using R= 1 12 Turbo Code 

if Packet Success, then done 
10 v f ^ T else weight each channel symbol by. block SNR and store 

8. Transmit the second set of alternating parity bits (Y 12 , Y 2 i,. Y 2N ) 

, , 9, < Decode using R= 1/3 code 

- . v .>,.:_> ... .. * v.'i \- Or.) *<''• .£.::*. - .;• * ..:v-v * 

E- if Packet Success, then done (send ACK) 
6 else, weight each channel symbol by block SNR and store 
15 10. Transmit the first set of alternating parity bits for the second time (Y n , Y 22 , . • Y 2N ) 
1 1 Add symbol-wise to the stored first set of alternating parity bits 

• decode the result using a, rate. 1/3 code , 

• if Packet Success, then done ($end ACfc) 

♦ ^ ./\ >f , ..*> ' :z.\U't: mm 75vu 3 ;r;r sr.c i ;j *:r. fc > 

• else store the weighted, combined block 

20 12. Transmit the second set of alternating parity bits for the second time (Y !2 , Y 21 ,... ? 

.„ 13. -A^}d symbol-wise to the second ?et of alternating parity bits . ' \ 

• decode the result using a rate 1/3 code 
° if.Packet Success, then done (send ACK) 

25 v T - .elsestore the weighted combined block 
. - f 14. Transmit. interleaved systematic bits (x')^ .. ^ 
1 5. Decode the result using R=l/4 code . 

° if Packet Success, then done (send ACK) 

• else store the weighted block ^ 

30 16. Transmit the first set of alternating paritv.bits for the third time and so on 
17. Iterate steps 9 to 16 times. 

£ -If Packet Success send ACK. ' 
E Otherwise drop the packet 

. It may be noted that at step (15) one could either use weighted systematic bits 

' : "i *- i .. i: • -s -, . . 1 :»;.*:■; ^o:. : i O'-y '.* / ■ ' ! 

35 combined with the previous block of systematic bits and decode it as a R=l /3 code or can 



^: ; r.r-;; : «■;;. . T 
...j . Vf w . 
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use 



the interleaved systematic bits and decode it as a R-l/4 code. The exact decoding 
method can be predetermined or communicated to the receiver during call set up or using 

in-band signaling. 

:Vj ,a ' : ,-«-'.nf .-■ f< ■ ~ — 



ran ; : '.- 
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,j - f -,.>V,e claim- .ht : v,\- ..\ ± . ; ? T \ . >.r • . . :::-■.« . r 

1 . A method for transmitting data packets, the method comprising the steps of: 

receiving an incoming data packet; 
5 determining an initial turbo code rate based on a channel condition; 

turbo encoding the data packet to produce encoded bits comprising a plurality of 
systematic bits and a plurality of parity bits; 

transmitting a first portion of the encoded bits based on the initial turbo code rate; 
determining if an acknowledgment has been received for the transmitted first 
1 0 portion; and 

based on the acknowledgment and the initial turbo code rate, transmitting a 
second portion of the encoded bits. 

2. The method of claim 1 where the second portion of encoded bits is smaller than the 
1 5 first portion of encoded bits. 

3. The method of claim 1 where the a plurality of systematic and a plurality of parity bits 
are stored. 

20 "4. The method of claim 1 where the channel condition used to determine the initial turbo 
code rate is a carrier-to-interference ratio. 

5. The method of claim 1 where the channel conditions used to determine the initial turbo 
code rate are determined by the transmitter. 

25 

6. A method for receiving data packets, the method comprising the steps of: 

receiving a portion of the encoded data packet; 

determining the content of information and parity symbols in the received portion 
based on the initial code rate for the first received portion; 
30 combining the portion of the encoded data packet with the previous combined 

portion of the same encoded data packet; 
storing the combined portion; 

joint turbo decoding the combined portion to produce decoded bits; 
acknowledging if no error is present in the decoded bits. 

35 
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7. The method of claim 6 where an attempt is made' to separately decode the self- 
decodable received portion of the encoded data packet before, if unsuccessful, combining 
and joint decoding. t ; V 

5 8. The method of claim 6 where the received portion of the encoded data packet is 
weighted with a block signal to npije ratig£SNR) before combining. 

9}: The method of claim 6 where the combining step comprises symbol combining 
interleaved systematic -symbols with systematic symbols. 

10 O I ; ? 

JO. The method of qiaim 6 where the combining.lstep comprises symbol combining 
^ overlapping symbols andcdneate^ symbols of the received portion 

of the encoded packet with thei previou^combined portion. 
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1/2 OF Y 2 (Y 1V Y2 2 ....) 
BROTHER 1 1/2 OF Y.( 
AND OTHER 1/2 OF Y 2 

(Yj2»Y 22 ,—) 
B^X' 

BfX+1/2 OF Y 1 
AND 1/2 OF Y 2 

( X 1> Y 1V Y 22*— ^ 
B 2 =X'+OTHER. 1/2 OF Y T 

AND OTHER 1/2 OF Y 2 

( x 'vTl2' Y 21-^ 

B 1 =X+Y 1 +Y 2 

( X V T 1V Y 21»"^ 
B 2 =X , +Y 1 +Y 2 

(X 1 .Y 12 ,Y 22 ,-) 

B l= X+1/6 OF Y 1 
AND 1/6 OF Y 2 
(X 1l Y 11 .Y2 1 .X 2 ,Y l6 ,Y2 6 ..) 
B 2 =4/6 OF Y, AND 4/6 OF Y 2 
|(Yi2- Y 22' Y 13' Y 23' Y 14' Y 24' Y 15' Y 25" 
B 3 =X'+1/6 OF Y-| 
AND 1/6 OF .Y 2 
(X' 1 .Y 17 .Y 27l X' 2 .Y l1 3.Y 213 ...) 



FIG. 4 



B T .B 2> B 3 .B 4> B V B 2 ,-. :-U/2,1/3,1/4.1/4 t 1/4. 



Bi32 , ^V^2 , ^1*^2*" 



BvB2.BvB2.BvB2. 



BvB2.B3.BvB2.B3. 



1/2.1/4,1/4.1/4... 



1/3.1/4,1/4.1/4. 



3/4.3/4,3/4.1/4.1/4. 



